In mines rescue operations two main types of self-contained breathing apparatus are used by men working in irrespirable atmospheres. One of these types of apparatus uses compressed oxygen and the other liquid air as the source of oxygensupply for the wearer. Each type of apparatus has its own distinct advantages in use, and these advantages have long been recognized. The present investigation deals only with one aspect and this does not prejudice the merits of other aspects of the apparatus.
It is recognized that the temperature of the inspired air may well prove to be a limiting factor for working men. Haldane (1915) refers to the local respiratory effect of high wet-bulb temperatures. He found that when men were exposed to hot environments at a wet-bulb temperature of 450 C. (1130 F.) they were able to breathe "pretty freely" even during hard work. Killick (1932) states that when subjects at rest in cool ambient conditions breathed hot, moist air they did not experience discomfort until the wet-bulb temperature of the inspired air reached 54-5 to 630 C. (130 to 1450 F.) , and found breathing tolerable until the wet-bulb temperature reached 59 to 650 C. (138 to 1500 F.). When her subjects were working on an ergometer " at a rate equivalent to walking at 4 to 41j m.p.h." these limits dropped to 51.5 to 54.50 C. (125 to 1300 F.) and 54-5 to 600 C. (130 to 1400 F.) wet-bulb temperatures, respectively.
Haldane also remarks that atmospheres which are very hot, but dry, can be breathed without great discomfort. This is confirmed by Killick, who found that, for subjects at rest, dry air of temperatures of up to 1860 C. (3670 F.) -This apparatus uses a cylinder of compressed oxygen as the source of supply of oxygen for the wearer. The oxygen is led from the cylinder to one compartment of a breathing bag. The gas then passes through a cooling device, and thence through a one-way valve to the mouthpiece. The exhaled gas passes through a non-return valve to the other compartment of the breathing bag. The two compartments are in communication at the bottom of the bag, in which is placed a charge of soda-lime. The gas must pass through the soda-lime, which removes the C02, and the " regenerated" gas then mixes in the inhalation side of the breathing bag with the incoming oxygen from the cylinder. Soda-lime produces heat and moisture when it absorbs C02, and the cooler is introduced to the circuit in an attempt to reduce the temperature of the absorbed air. The coolant used is sodium phosphate, which liquefies at about 350 C. (950 F.) , so that in theory the temperature of the air in the circuit should not greatly exceed 35°C. until all the coolant is liquefied.
Apparatus 2.-This apparatus uses liquid air as the source of supply of oxygen for the wearer. From the mouthpiece the exhaled gas is led through a non-retum valve to a caustic-soda canister, where the CO2 is removed. The " regenerated " gas is then led to a breathing bag which consists of only one compartment, and acts solely as a reservoir. The gas is led from the breathing bag to the mouthpiece by way of a nonreturn valve. The liquid air evaporates in its container, and is introduced to the circuit at a point along the tube between the caustic-soda canister and the breathing bag. No cooler is incorporated, since the low temperature of evaporation of liquid air is sufficient to compensate for the heat evolved in the caustic-soda canister. Methods Thirty-six volunteer mine workers took part in the series of experiments. The men were divided into three teams of 12, each of which comprised six men wearing Apparatus 1 and six wearing Apparatus 2; each team was exposed three times to saturated still-air environments while performing a set task, and one team was exposed a fourth time, doing a different task. Fig. 3 shows the mean of the first recorded inspired air temperatures at each of the six environments investigated. These readings were taken five minutes after entering the hot room, during the first minute rest after walking for four minutes at 2 m.p.h. Since the men had performed the sanme task in those five minutes on each occasion, presumably the mean measurements shown reflect the rise in temperature due to environmental temperature. The difference shown in initial inspired air temperatures between the two types of apparatus is probably due to the different CO2 absorbents used, and to differences in the heat capacities in the two types of apparatus.
Whereas the environmental temperature influences the initial temperature of the air within the apparatus, the two types of equipment follow distinct and characteristic curves (Fig. 2) so that the inspired air in Apparatus 1 increases more rapidly and is about 50 C. (90 F.) higher after 40 minutes than in Apparatus 2, and this difference increases to about 80 C. (1405-F.) .
Considering again the averages of all the experiments with Task A, in all six environments (Fig. 2) we see that the inspired air temperature in Apparatus 1 starts lower than that in Apparatus 2, but rises more quickly, passes that of Apparatus 2 in 20 FIG. 1 (a and b) 
Discussion
Although it is recognized that each type of apparatus has its special merits in use, the physiological significances of the inspired air temperature in these conditions are clear. When theinspired air temperature reaches body temperature, this channel of heat loss is denied to the thermoregulatory system, and when it rises above body temperature the body is gaining heat through the lungs.
When men are wearing either type of breathing apparatus a large part of the trunk is shielded and evaporative cooling from this area is considerably reduced, so that in environments where dissipation of heat by evaporation is already restricted, the normally unimportant role of cooling by evaporation of exhaled air assumes greater significance. If it is possible to achieve an environmental temperature at which all heat exchanges between body and environment are prevented, then the rate of production of heat within the body itself, i.e., the rate of expenditure of energy, will determine the tolerance time. If the breathing apparatus is worn when the inspired air temperature is below body temperature the expected tolerance time will be lengthened, and when the inspired air temperature is above body temperature, then the expected tolerance time will be shortened.
It is evident from the results obtained in the present series of experiments that, disregarding for the moment other merits of the apparatus, when the inspired air temperature alone is considered, Apparatus 1 had a detrimental effect on the wearer after about 40 minutes, i.e., for 25 minutes of the 65-minute task, while Apparatus 2 did not impose this physiological burden. An examination of the rates of rise of temperatures (see Figs. 2 and 4) in the breathing circuit indicates, as expected, that the demand for oxygen and the rate of production of CO2 and therefore of CO2 absorption by sodalime or caustic soda and resulting production of heat closely controls the inspired air temperature. This is more evident in the curves for Apparatus 1 than for Apparatus 2, and probably reflects the relative efficiency of the methods of cooling the air in the circuit. During the five minutes' rest period in the experiment, the temperature either remains steady or falls. During Task B, in which the men start with the heavier work routine, the rate of rise of temperature is noticeably greater, but the rate of rise of temperature in Apparatus 1 at the lighter work routine is disproportionate to an extent which makes it seem probable that if the lighter work had been continued there would have been a greater difference in the tolerance times of the subjects wearing the different types of apparatus.
Much of the blame for the inspired air temperature in Apparatus 1 rising so dramatically is due to the inefficient design of the cooler. Inspection of the cooler after the experiments showed that the coolant was never more than 60% liquefied, seldom more than 40% liquefied, and in a number of instances no liquefaction was evident. It seems likely that with an efficient cooler the inspired air temperature may well be reduced, although there is also some indication that even in full efficiency, a chemical cooling method of this type may not provide the best answer; this will obviously be true of higher environmental temperatures, where the environment itself will affect the coolant.
The inspired air temperature at which discomfort was experienced in the present experiments is much lower than the figures quoted by Haldane or Killick. Haldane found that when men were exposed to and breathed a saturated temperature of 54.50 C. (1300 F.) ordinary breathing was more or less painful, that at a saturated temperature of 48-9°C. (1200 F.) work was hardly possible, but that at 450 C. (1130 F.) saturated temperature, " the air was not too hot to breathe pretty freely" even when quite hard work was done. Haldane and his subjects were completely exposed to these climates in a hot chamber. Killick, whose subjects were in a cool environment and breathed hot, moist air through a tube, found that for men at rest the lowest temperature which caused discomfort was 54.50 C. (1300 F.), and, for men doing quite hard work, this limit dropped to 51.50 C. (1250 F.) . In the present investigation, where the subjects were exposed to saturated environments at various temperatures while wearing self-contained breathing apparatus, respiratory discomfort was felt first at 39°C., 60 C. lower than the figure quoted by Haldane, and 120 C. below that quoted by Killick. It is likely that the explanation for this lies in three factors: (1) the levels of comfort are reduced with an increase in the rate of work, and the" sandbagging" routine of the present experiments is very heavy work; (2) the men during the present series were wearing apparatus, and that some of the discomfort noticed may have been due to soda-lime dust reaching the throat; (3) the individual variation in the subjects used in the present series is greater than that of the subjects used by Killick or Haldane.
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